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7KH SUHVHQW VWXG\ VWDWHV D VHW RI SUHPLVHV ZKLFK MXVWLILHV WKH OHJLWLPDF\ DQG WKH RSSRUWXQLW\ IRU H[SORULQJ WKLV SDUWLFXODU
VXEMHFW7KHUHDUHDQDO\VHGYDULRXV LQWHUSUHWDWLRQVRI WKHFRQFHSWRIFRPSHWHQFHERWKDW WKH OHYHORIDXWKRUGHILQLWLRQVDQG
ZLWKLQ RIILFLDO GRFXPHQWV 7KHUH LV SURSRVHG DQ LQWHJUDWLYH PRGHO RI FRPSHWHQFH 7KHUH LV IRUPXODWHG D VHW RI UHVHDUFK
FRPSHWHQFHVSURIHVVLRQDODQG WUDQVYHUVDO IRU WKHGRFWRUDOSURJUDPPHVRIVWXGLHV LQ WKHVRFLDOKXPDQLVWLF ILHOG7KHUHDUH
VXFFLQFWO\ H[DPLQHG GLIIHUHQW PHWKRGRORJLHV RI FRPSHWHQFHV GHYHORSPHQWGHILQLQJ 7KHUH LV VXJJHVWHG D PDQQHU IRU
RSHUDWLRQDOL]LQJWKHUHVHDUFKFRPSHWHQFHVE\PHDQVRIWKHUHYLVHGPHWKRGRORJ\RIWKH1DWLRQDO4XDOLILFDWLRQV)UDPHZRUN












DUH WKH LQWHUIDFH EHWZHHQ OHDUQLQJ DQG FUHDWLQJ QHZ NQRZOHGJH 7KH ULVH RI WKH 3K' LV WKH FUHDWLRQ RI QHZ
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VWUDWHJLHV RI WKH GRFWRUDO LQVWLWXWLRQ 1RW ORQJ DJR WKHUH ZHUH GHILQHG WKH SULQFLSOHV DEOH WR HQVXUH WKH
LQQRYDWLRQ RI WKH GRFWRUDO VWXGLHV 5HVHDUFK ([FHOOHQFH $WWUDFWLYH ,QVWLWXWLRQDO (QYLURQPHQW
,QWHUGLVFLSOLQDU\ 5HVHDUFK 2SWLRQV ([SRVXUH WR ,QGXVWU\ DQG RWKHU 5HOHYDQW (PSOR\PHQW 6HFWRUV
,QWHUQDWLRQDO1HWZRUNLQJ7UDQVIHUDEOH 6NLOOV7UDLQLQJ4XDOLW\$VVXUDQFH (& $OO WKHVH SULQFLSOHV DUH





















³$OO FRXQWULHV LQYROYHG LQ WKH %RORJQD 3URFHVV DUH GHILQLQJ FRPSHWHQFHV DV WKH JRDO RI WKHLU GLIIHUHQW
GHJUHHV´%DDUWPDQDQG%UDXQS
2IFRXUVHWKHGRFWRUDWHPDNHVQRH[FHSWLRQIURPWKLVWUHQG
+RZHYHU FRPSHWHQFH LV D SRO\VHPDQWLF FRQFHSW ZLWK D YDULRXV ORDG RI PHDQLQJV WKDW JXLGHV LQ D


















&RPSHWHQFH KDV EHFRPH RPQLSUHVHQW LQ DOO V\VWHPV RI WUDLQLQJ FDSLWDOL]DWLRQ DQG SURPRWLRQ RI KXPDQ
UHVRXUFHV ,WV WKHRUHWLFDO IRXQGDWLRQ LV KRZHYHU DFFRPSDQLHG E\ ERWK FHUWDLQWLHV DV ZHOO DV XQFHUWDLQWLHV E\
HSLVWHPLFDPELJXLWLHVDQGYXOQHUDELOLWLHV7KHUHDUHD ORW RIGLVDJUHHPHQWVDQGRQO\SDUWLDO UHVSRQVHV WRPDMRU
LVVXHV VXFK DV WKH GHULYLQJ PHFKDQLVPV WKH FRQGLWLRQV RI YDOLGDWLRQ WKH SURFHVVHV RI GHYHORSPHQW DQG











x 0HQWDO FRQGLWLRQV QHFHVVDU\ IRU FRJQLWLYH VRFLDO DQG YRFDWLRQDO DFKLHYHPHQWV &RPSHWHQFHV DUH
PXOWLIXQFWLRQDO DQG WUDQVYHUVDO WKH\ DUH XVHIXO IRU DFKLHYLQJPRUH LPSRUWDQW JRDOV IRUPDVWHULQJGLIIHUHQW
DFWLRQVLQXQIDPLOLDUVLWXDWLRQV´:HLQHUW
x &RPSHWHQFHV UHSUHVHQW WKH FDSDFLW\ WR VROYH D SUREOHP LQ D JLYHQ FRQWH[W DQG LQYROYH VROXWLRQV WKDW DUH
VRPHKRZDXWRPDWHGWRVROYHDWDVN0D]HUDSXG&XFRV
x 7KH FRPSHWHQFH KDV D VWUXFWXUH UHVRXUFHV DQG VSHFLILF VLWXDWLRQV LW LV D SRWHQWLDO SURYHG LQ D IDPLOLDU




$ YROXPH RI WKH MRXUQDO ³$VVHVVPHQW DQG(YDOXDWLRQ LQ+LJKHU(GXFDWLRQ´ IURP LV GHGLFDWHG DOPRVW
FRPSOHWHO\WRVRPHHPSLULFDOVWXGLHVUHJDUGLQJWKHSURIHVVLRQDOFRPSHWHQFHVLQ+(,QWKHLQWURGXFWRU\FRPPHQW
WRWKHVHVWXGLHV'*LMEHOQRWLFHV³7KHTXHVWLRQZKDWLVYRFDWLRQDOFRPSHWHQFHLQ+(UHPDLQVLQWKLVYROXPH








x (8 NH\FRPSHWHQFHV 7KH (8 GRFXPHQW VHWV D QXPEHU RI HLJKW ZHOONQRZQ NH\ FRPSHWHQFHV  ,Q
SULQFLSOH WKH\LQGLFDWHVWXGHQWV¶DFKLHYHPHQWVDW WKHHQGRIWKHFRPSXOVRU\HGXFDWLRQDQGE\H[WHQVLRQWKH
EDVLF FRPSHWHQFHV ZKLFK VKRXOG DFFRPSDQ\ DQ\ NLQG RI SHUVRQDO DQG SURIHVVLRQDO GHYHORSPHQW )URP D
VWUXFWXUDOSRLQWRI YLHZZLWKLQ WKLV IUDPHZRUN WKHFRPSHWHQFH LV UHJDUGHGDVDQ LQWHJUDWHGDQG IXQFWLRQDO
DJJUHJDWHRINQRZOHGJHVNLOOVDQGDWWLWXGHV
x 7KH (XURSHDQ 4XDOLILFDWLRQ )UDPHZRUN (4) SURSRVHV HLJKW OHYHOV RI TXDOLILFDWLRQV KLHUDUFKLFDOO\
RUJDQLVHGWKHODVWRQHUHSUHVHQWHGE\WKHGRFWRUDWH7KHTXDOLILFDWLRQVDUHDSSURDFKHGIURPWKHSRLQWRI
YLHZ RI WKH OHDUQLQJ UHVXOWV 7KHVH DUH RI WKUHH W\SHV NQRZOHGJH VNLOOV DQG FRPSHWHQFHV  7KH
FRPSHWHQFHVEHQHILWRIDPXOWLODWHUDODQDO\VLV±WDVNVFRQWH[WFRQGLWLRQRIIXQFWLRQLQJPDQDJHULDOGLPHQVLRQ












x 7KH FRGH RI WKH XQLYHUVLW\ GRFWRUDO VWXGLHV  LQFOXGHV D YDVW VHW RI FRPSHWHQFHV RUJDQLVHG LQ WZR
FDWHJRULHV
3URIHVVLRQDOFRPSHWHQFHVDGYDQFHGNQRZOHGJHLQWKHILHOGDELOLW\WRLGHQWLI\IRUPXODWHDQGVROYHUHVHDUFK
SUREOHPV PDVWHU\ RI WKH PHWKRGV DQG WHFKQLTXHV RI DGYDQFHG UHVHDUFK NQRZOHGJH UHJDUGLQJ WKH
PDQDJHPHQWRIWKHUHVHDUFKSURMHFWVPDVWHU\RIWKHQHZUHVHDUFKSURFHGXUHVDQGVROXWLRQVXQGHUVWDQGLQJ
RI DQG DELOLW\ WR DSSO\ WKH HWKLFDO SULQFLSOHV DQGYDOXHV VSHFLILF WR WKH VFLHQWLILF UHVHDUFK LQ D SDUWLFXODU
ILHOG
7UDQVYHUVDO FRPSHWHQFHV DELOLW\ RI ZULWWHQ RUDO FRPPXQLFDWLRQ LQ VFLHQWLILF DQG FXOWXUDO ILHOGV DGYDQFHG
OLQJXLVWLF FRPSHWHQFHV LQ IRUHLJQ ODQJXDJHV XVH RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJLHV







&UW $QH[DPSOHRIDFROXPQKHDGLQJ ; ; ;
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 (8.H\&RPSHWHQFHV ; ; ;
 (4)   ;
 14)+( ; ; 
7KHFRGHRIGRFWRUDOVWXGLHV   
FRPSHWHQFHV ;  
FRPSHWHQFHV  ; 

RQHFRPSHWHQFH ; ; ;

,IZHFKRRVHDVDQLQWHUSUHWDWLYHPRGHOVWDQGDUG±WKHFRPSHWHQFHGHILQHGE\WKHWKUHHFRPSRQHQWVWKHQZH

















































7KH DWWLWXGHV DZDUG YDOXH WR WKH FRPSHWHQFH DQG VXSSRUW LW HPRWLRQDO DQG PRWLYDWLRQDO WKH\ DUH D IDFWRU
ZKLFKPRELOLVHVUHVRXUFHV
7KHDSWLWXGHVVXSSRUWWKHGHYHORSPHQWDQGWKHSURGXFWLYLW\RIWKHFRPSHWHQFH







x $ FRPSHWHQW SHUVRQ VHOHFWV RUJDQLVHV DQG XVHV KLVKHU LQWHUQDO UHVRXUFHV NQRZOHGJH VNLOOV DWWLWXGHV
































HPSRZHU WKH VFLHQWLILF FUHDWLRQ RI WKH GRFWRUDO LQVWLWXWLRQ $OVR WKH\ FDQ UHSUHVHQW D FRQVLVWHQW EDVH IRU
SURPRWLQJ UHVHDUFKHV RI GLIIHUHQW QDWXUH VWDUWLQJ IURP WKH IXQGDPHQWDO UHVHDUFK DQG XS WR WKH UHVHDUFK
GHYHORSPHQWPHWKRGRORJLFDOO\VXSSRUWHGE\YDULRXVSDUDGLJPV±TXDQWLWDWLYHTXDOLWDWLYHPL[HG







x 7KH VRFLRSURIHVVLRQDO PRGHO LV LQWHUHVWHG LQ WKH DQDO\VLV RI WKH UHTXHVWV FRPLQJ IURP WKH SURIHVVLRQ
IXQFWLRQV DFWLYLWLHV RSHUDWLRQV WKH RXWSXWV DQG WKH PLQLPDO VWDQGDUGV 7KH ILUVW VWHS FRQVLVWV LQ WKH




VSHFLILF MRE LW KDV D SV\FKRORJLFDO DSSURDFK DQG UHIOHFWV D KROLVWLF DSSURDFK 7KH DQDO\VLV VWDUWV ZLWK WKH
LGHQWLILFDWLRQRI WKH ILUVWWRSSHUIRUPHUV LQDSURIHVVLRQDO ILHOG7KHLU IHDWXUHVDQGEHKDYLRXUVDUH WKHQ
FRPSDUHGWRWKHRWKHUHPSOR\HHVEDVHGRQWKLVSURFHVVDUHGHILQHGWKHFRPSHWHQFHVWKDWVKRXOGEHGHYHORSHG




















































6HOIFRQWURO RI WKH OHDUQLQJ SURFHVV
GLDJQRVLV RI WUDLQLQJ QHHGV UHIOHFWLYH
DQDO\VLVRQRZQSURIHVVLRQDODFWLYLW\













IRU WKH DFWLYLWLHV ZLWKLQ SURIHVVLRQDO
JURXSVRULQVWLWXWLRQV
$VVXPLQJ UHVSRQVLELOLW\ DQG FDSDFLW\ WR RUJDQLVH
































8QGHUWDNLQJ FRPSOH[ SURIHVVLRQDO WDVNV
XQGHU DXWRQRP\ DQG SURIHVVLRQDO
LQGHSHQGHQFHFRQGLWLRQV











'HYHORSPHQW RI SURIHVVLRQDO DQGRU
UHVHDUFK SURMHFWV XVLQJ D ZLGH UDQJH RI
TXDOLWDWLYH DQG TXDQWLWDWLYH PHWKRGV LQ
DQLQQRYDWLYHPDQQHU
'HVLJQ DQG XQGHUWDNH RULJLQDO UHVHDUFK EDVHG RQ
DGYDQFHG PHWKRGV OHDGLQJ WR WKH GHYHORSPHQW RI






$GHTXDWH XVH RI VWDQGDUG
DVVHVVPHQWFULWHULDDQGPHWKRGV
WR DSSUDLVH WKH TXDOLW\ PHULWV
DQG OLPLWDWLRQV RI SURFHVVHV
SURJUDPPHVSURMHFWVFRQFHSWV
PHWKRGVDQGWKHRULHV
3HUWLQHQW DQG DSSURSULDWH XVH RI
DVVHVVPHQW FULWHULD DQG PHWKRGV WR
IRUPXODWH MXGJHPHQWV DQG IXQGDPHQW
FRQVWUXFWLYHGHFLVLRQV
&ULWLFDOFRQVWUXFWLYH DVVHVVPHQW RI
SURMHFWV DQG VFLHQWLILF UHVHDUFK UHVXOWV
DSSUDLVDO RI WKH VWDJH RI WKHRUHWLFDO DQG
PHWKRGRORJLFDONQRZOHGJH LGHQWLILFDWLRQ






















8VH RI EDVLF SULQFLSOHV DQG PHWKRGV IRU
VROYLQJ ZHOO GHILQHG SUREOHPVVLWXDWLRQV
WKDWDUHW\SLFDOWRWKHILHOGZLWKTXDOLILHG
DVVLVWDQFH
,QWHJUDWHG XVH RI WKH FRQFHSWXDO DQG
PHWKRGRORJLFDO DSSDUDWXV LQ
LQFRPSOHWHO\ GHILQHG VLWXDWLRQV LQ RUGHU
WR VROYH QHZ WKHRUHWLFDO DQG SUDFWLFDO
SUREOHPV
6HOHFWLRQ DQG XVH RI DGYDQFHG
SULQFLSOHVWKHRULHVDQGPHWKRGV
RI NQRZOHGJH WUDQVIHU RI
PHWKRGV IURP RQH ILHOG WR
DQRWKHU LQWHUGLVFLSOLQDU\













8VH RI VSHFLDOLVHG NQRZOHGJH LQ RUGHU WR
H[SODLQ DQG LQWHUSUHW QHZ VLWXDWLRQV LQ







































.QRZOHGJH DQG XQGHUVWDQGLQJ RI EDVLF FRQFHSWV WKHRULHV
DQGPHWKRGVZLWKLQWKHILHOGDQGWKHVSHFLDOLVDWLRQDUHDWKHLU
DGHTXDWHXVHLQSURIHVVLRQDOFRPPXQLFDWLRQ
,QGHSWK NQRZOHGJH RI D VSHFLDOLVDWLRQ
DUHD DQG ZLWKLQ LW RI WKH SURJUDPPH
VSHFLILF WKHRUHWLFDO PHWKRGRORJLFDO DQG
SUDFWLFDO GHYHORSPHQWV DSSURSULDWH XVH

































VXJJHVWV WKH WUDQVLWLRQ RI HDFK FRPSHWHQFH WKURXJK WKH ILYH GHVFULSWRUV WKH QRPLQDWLRQ RI WUDQVYHUVDO



































 'HPRQVWUDWHV WKH LQGHSWK NQRZOHGJH RI WKH SUHVHQW VFLHQWLILF WKHRULHV LQ WKH ILHOG RI VWXG\ LGHQWLILHV FRQWURYHUVLDO
SUREOHPVPL[HGUHVXOWVRIWKHUHVHDUFKWKHSULRULWLHVRIWKHVSHFLDOW\LQTXLULHV
 ,GHQWLILHV DQG DQDO\VHV UHFHQW PHWKRGRORJLFDO GHYHORSPHQWV LPSURYHPHQW UHILQHPHQW DQG LQQRYDWLRQ RI WKH UHVHDUFK
PHWKRGV
 .QRZOHGJH RI WKH DGYDQFHG VWDWLVWLFDO PHWKRGV IRU GDWD DQDO\VLV DQG HYDOXDWLRQ DFFHVV WR SURJUDPV VRIWZDUH IRU GDWD











































































ż 'HYHORSPHQWRI WKH OHDUQLQJ H[SHULHQFHV WKURXJK UHVHDUFKZKLFKVKRXOG IRUWLI\DQG UHILQH WKH UHVHDUFK
FRPSHWHQFHV
x 7KHSURFHVVRIFRPSHWHQFHHYDOXDWLRQLVVXSSRUWHGE\VSHFLILFGHVFULSWRUVWKHUHFDQEHGHYHORSHGRQJRLQJ
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